Variations in physical and chemical conditions were investigated at Wadi Al-Arab Dam Reservoir (Jordan). M ean surface water temperature was 22.5°C and two distinctive temperature layers, epilimnion (down to 15 m, mean temperature 28.6°C) and hypolimnion (down to 35 m, mean temperature 21.1°C) were recognized in M ay. M inimum water transparency was recorded at 32 cm in July and maximum at 135 cm in August. The mean surface pH (8. 
alkalinity of 541.04 mg l -1 CaCO 3 and dissolved oxygen (DO) levels of 6.2-8.9 mg l -1 with the observation of the highest (8.0 mg l -1 ) and lowest (4.0 mg l -1 ) DO values in April at the surface and 15 m, respectively. In M ay, DO values dropped from 7.31 mg l -1 in the upper layer to 3.85 mg l -1 in the deepest layer. Nutrients as nitrate revealed minimum (0.7 mg l -1 N-NO 3 ) and maximum (30.4 mg l -1 N-NO 3 ) concentrations at the surface in station I and II, respectively. Levels of P-PO 4 were also high at stations I and II ( 0.73 mg l -1 PO 4 and 1.02 mg l -1 PO 4 ) in M ay and June, respectively. However, the minimum value (0.14-0.16 mg l -1 PO 4 ) was recorded in October at both stations. Disolved reactive silica (DRS) levels showed low values of 2.55-11.46 mg l -1 (station I in June) and 2.33-7.60 mg l -1 (station II in M ay and December), respectively.
INTRODUCTION
Reservoir water quality and productivity are controlled to a large extent by the quantity and quality of external nutrient loading. Knowledge of the loading rates of nutrients can shed some light on the potential productivity of the reservoir. In water affected by human made effluents, such as that of Wadi AlArab Reservoir, high primary production resulting from an excessive load of nutrients may cause problems affecting water quality.
Phytoplankton and nutrient dynamics are closely linked since nutrient uptake during algal growth is the main process which removes dissolved nutrients from the water. The major growth limiting nutrients for phytoplankton are assumed to be phosphorus, nitrogen and carbon, with the addition of silicon for diatoms (Rhee 1982) . Also, algal growth is a function of temperature and light.
Wadi Al-Arab reservoir is a major water resource in Northern Jordan, which serves both domestic and agricultural use. The present study aimed at investigating physical, chemical and biological parameters which prevailed in Wadi Al-Arab Reservoir over the year as factors behind water quality changes.
Study site
Wadi Al-Arab Dam (Reservoir) (Fig. 1) is located in the northern part of the Jordan Valley, on the east bank of the Jordan Rift Valley, about 10 km south of Lake Tiberias and 25 km from Irbid City. The reservoir water comes partially from the King Abdullah Canal and from precipitation. The reservoir water is used to irrigate about 3,125 hectares from Al Shuna to Al Baqura. It also serves as a drinking water source in periods of water shortage by draining to King Abdullah Canal (Jordan Valley Authority, JVA 1995) .
The average annual rainfall in the Wadi Al-Arab is approximately 400 mm (JVA 1995 (JVA -2002 . Most precipitation occurs October through May, while June through September can be considered a dry summer season. The climate is considered Mediterranean, which is characterized by hot and dry summers, and cool, wet winters. Relative humidity ranges from 49% in June to 67% in February. Frost and snowfall occur occasionally in January and February.
Sunshine hour ranges from 5.0 hours in January to 11.9 hours in June (Ghrefat 1999) . Wind is light to moderate and predominantly from west to southwest. Daily evaporation causes a decrease in water level which varies from 4.8 mm in January to 8.9 mm in July.
General features of Wadi Al-Arab Dam
The principal features of Wadi Al-Arab Dam Reservoir are summarized as follows: the reservoir catchment's area is 262 km 2 with gross, effective and dead storage capacity of 20.0, 16.9 and 3.1 million cubic meters, respectively. The estimated precipitation per year is 7,000 m 3 and the annual total discharge is 33 million m 3 (JVA 1995 (JVA -2002 
MATERIALS AND METHODS

Sampling
Two sampling stations (St. I and St. II) were selected for investigation. Station I was closer to the shore of the lake and station II represents the open area and is located in the middle of the reservoir about 350 m from station I, at a point fixed by a flag planted there where the boat usually reach water (Fig. 1) . Water samples from a depth of 20-30 cm below the water surface in two plastic bottles of 1 liter volume were collected monthly from each station during the study period. Samples for chemical analysis (nitrate, phosphorous, silicate and alkalinity) were taken from the surface water using a Nansen 1 l Water Sampler (Germany) and kept in polyethylene bottles for further analysis in the lab. In order to investigate the vertical distribution of the parameters under consideration, deeper samples at station II were collected from 0, 1 and then every 5 m to the bottom (35 m).
Physical analysis
Water transparency was measured with a 21 cm Secchi disc. Water temperature, pH, salinity, dissolved oxygen and conductivity were measured in situ upon sampling using a multiparameter portable instrument (WTW, Multiline F / SET-3, Germany).
B Chemical analysis
Samples for nitrate, silicate and phosphorus analysis were filtered on the day of sampling with a Millipore filter unit, using Whatman millipore filters with 0.45 μm pore size (England). Filtrates were kept frozen until time of measurement which was made according to the instruction of specific kits using a Photometer Photolab S12-A (WTW 250026 KWT, Germany).
Alkalinity was determined following the Standard Methods (APHA 1998).
B RESULTS
B Physical parameters
During the period of study (February 2001 to February 2002 , the mean monthly air temperature was 27.3°C with a maximum of 38°C in May 2001 and a minimum of 14°C in February (Fig. 2a) . At station I, mean reservoir surface water temperature was 22.3°C, less than that of station II by 1°C. Surface water temperature reached its maximum at stations I and II in May and June, respectively.
In April 2001, weak thermal stratification was observed with an average of 3°C temperature difference recorded between surface and deeper layers (Fig. 3) . Clear stratification developed in May 2001, with an average of 7°C difference in temperature between surface and underlying water. Two layers of distinctive temperatures were recognized: the surface layer, 15 meters deep with an average temperature of 28.6°C, and a second layer (hypolimnion) down to 35 m depth with an average temperature of 21.1°C (Fig. 3) . This strong stratification continued in June with an average of 8°C difference between the two layers. Water transparency was measured only at station II, since station I was located on the shoreline, which is quite shallow. Secchi depth was markedly low, but varied remarkably throughout the study period with a maximum depth of 135 cm in August 2001 and a minimum of 32 cm in July (Fig. 2b) . 
Chemical Parameters
The pH surface values did not show clear seasonal variations through the study period (mean 7.82 and 8.01 at station I and II, respectively). Between February and July, pH values were generally high (>7.5) with maximum and minimum pH of 9.83 and 9.30 recorded in April 2001 at stations I and II, respectively (Fig. 2c) . The lowest pH value (6.15) was recorded at station I in October. In April and May, pH values showed a slight variation with depth, while during the rest of the year, the water column showed homogeneity with no differences in pH readings. In April and May, however, an average difference of 4.6 in pH value was recorded between surface and deeper water, where it was 9.31-8.1 at 0-15 m depth and 5.1-3.1 at 15-35 m depth (Fig. 4) . Salinity showed no pattern of variation (Fig. 2, 5 ). Very little difference was recorded during the course of the year. The average concentration of salt was 1.54 mg l -1 at both stations. The highest salinity was recorded in January 2002 at station I where it reached 1.88 mg l -1 , which coincided with an increase in the reservoir inflow. At station II, salinity was rather higher with a maximum value of 1.84 mg l -1 in November (Fig. 2e) . Water conductivity was high and showed little and irregular seasonal variations ranging from a minimum of 912 to a maximum of 1257 μS cm -1 in May 2001 and January 2002, respectively (Fig. 2f) . High conductivity values were common towards the end of the dry season during a period characterized by little or no inflow. Low levels of conductivity were found at the end of the wet season. Data indicated a difference between the two stations with conductivity being markedly lower at station II only in January 2001. Changes in conductivity were found with depth for most of the study period (Fig. 6) .
Dissolved oxygen levels ranged from 6.1 to 8.8 mg l -1 at station I, while the maximum value at station II was 8.9 mg l -1 with overall mean DO values at station II more than station I (Fig. 2g) . The lowest DO values at both stations were in August 2001 (6.1 and 6.2 mg l -1 at stations I and II, respectively). In February, 2002, DO peaked at station II. As shown in figure 7, dissolved oxygen concentration diminished with depth April through August. In April, dissolved oxygen concentration dropped from 8.0 mg l -1 at the surface to 4.0 at 15 m depth (Fig. 7) . In May, DO in the upper layer was 7.31 mg l -1 then dropped to 3.85 mg l -1 in the deepest water layer. Mean reservoir N-NO 3 ranged from 0.8 to 29.25 mg l -1 N (Fig. 8a) , with minimum and maximum concentrations of 0.7 mg l -1 N and 30.4 mg l -1 N, at station I and II, respectively. Nitrate-N concentrations increased remarkably during the wet season. A slight rise was observed in November at both stations, but nitrate values jumped sharply after December.
Levels of P-PO 4 were high, with maximum concentrations of 0.73 mg l -1 and 1.02 mg l -1 found in May and June 2001 at stations I and II, respectively. P-PO 4 mean level at station I was 0.32 mg l -1 and at station II it was 0.49 mg l -1 , with minimum values of 0.14 mg l -1 and 0.16 mg l -1 recorded in October, 2001 at both stations (Fig. 8b) .
Levels of DRS at the reservoir showed low values with a mean concentration of 5.20 mg l -1 and 4.57 mg l -1 at stations I and II, respectively (Fig. 8c) 
DISCUSSION
Fluctuation of water levels at Wadi Al-Arab reservoir are the combined result of irregular inflow and outflow. The main source of water to the reservoir is precipitation, which is confined to a short period in winter. Water outflow from the reservoir increases during summer owing to an increasing demand for water for irrigation. It is estimated that about 65,000 m 3 of water is pumped daily from the reservoir for agricultural uses in Al-Shuna and nearby villages (JVA 2000) . A wide fluctuation in water level, however, is a common feature in reservoirs and affects their ecology through, for example, an enhanced nutrient exchange between pelagic and littoral zones of the reservoir. Temperature is a prime environmental factor influencing primary production and species composition of phytoplankton as well as impacts on the ecophysiological conditions of the whole reservoir biota. Slight variation in water temperature between the two stations can be attributed to the time of sampling, since station II has always been visited 2-3 hours after sampling station I. A mean air temperature of 27.3°C with a maximum of 38°C in May and minimum of 14°C in February, 2001 are consistent with the fact that the reservoir is situated in a Mediterranean subtropical to temperate climate that is characterized by hot, dry summers and cool, wet winters.
Water temperature had a remarkable effect on dissolved oxygen concentration in the reservoir. Higher DO concentrations were mostly recorded during winter when temperature was relatively low.
Owing to the rapid increase in air temperature in May, thermal stratification developed in the reservoir and lasted until August (Fig. 3) . The difference in temperature between surface water and the deepest point measured (35 m) was 6°C in May and 10°C in June, a difference which insured the presence of a thermocline between the upper layer (epilimnion) and the lower layer (hypolimnion). The thermocline, however, was broken in September not because of a change in water temperature, but because of excessive pumping of water from the reservoir which remarkably reduced water depth. Wadi Al-Arab reservoir can be considered monomictic where thermal stratification occurs once a year during summer. Thermal stratification, however, is a common phenomenon in this region. Similar water layering was recorded in King Talal reservoir for the same period (Al-Handal&Saadoun 2001) . Similar conditions can also be observed in reservoirs located in subtropical and temperate regions (Temponeras et al. 2000) where temperature increases rapidly during the summer. From May through August, the weather at Wadi Al-Arab was fairly calm with high air temperature, a condition that kept water stratification rather stable.
The effect of temperature on growth and photosynthesis rates varies with the length of the photoperiod. At optimum temperature, these rates seem to be controlled by the total light energy received during a 24 hour cycle. Photoinhibition due to the increase in the photoperiod in summer may lead to a marked decrease in chlorophyll a content of the reservoir, while in winter when light is weak and daylight is short, the role of temperature on primary production was insignificant. Turbidity was rather high in the reservoir.
Water transparency in the reservoir was relatively low during the study period. The minimum Secchi depth coincided with surface algal production in July 2001, which is characterized by an increase in the phytoplankton biomass. The maximum secchi depth in August reflects the low phytoplankton density. The mean Secchi disc depth of 0.88 m may explain the water turbidity in the reservoir that is derived from suspended phytoplankton, rather than from total suspended solids, which were kept at a minimum due to weak mixing and decreased water inflow.
Higher pH values in the reservoir in Spring were probably due to phytoplankton photosynthesis. The positive correlation between phytoplankton properties and pH values has already been demonstrated in similar reservoirs. (Kotut et al. 1998 , Temponeras et al. 2000 .
The eutrophic nature of the reservoir, which encourages a high photosynthetic rate all year, has kept pH values on the alkaline side. pH was found to be high in early summer, when total phytoplankton production and biomass were high. Dominance of cyanophytes in summer was shown to be favored at high pH, possibly because of the ability to use the bicarbonate ion as a carbon source. Due to the absence of water inflow in summer, neutralization of the water pH has no role in the reservoir. The basic pH values of the reservoir have also been reported for longer periods (Royal Scientific Society 1995 -2000 .
The low pH values in the deeper water of the reservoir can be attributed to the shallowness accompanied by the high rate of sedimentation and the metabolic activities of the microorganisms in the sediment.
The mean alkalinity of the reservoir was 541.04 as mg l -1 CaCO 3 , which highly correlates with conductivity (R= 0.92). This result agreed with previous work in Wadi Al-Arab Dam reservoir (Royal Scientific Society, 1998) . The ratio of total alkalinity: conductivity of 0.529 established at the reservoir is in close agreement with a ratio of 0.5 computed by Talling & Talling (1965) and Kotut et al. (1999) for a number of African lakes and reservoirs. Levels of alkalinity showed an increase in the wet season in comparison to the dry season due to engagements of catchment soil through erosion from Wadi Al-Arab, while lower values were found in March and April.
Salinity of the reservoir water only slightly varied throughout the study period. Even in summer months, where high evaporation rates cause an increase in salt concentration in the water, salinity remained within its normal values in the reservoir. Also, salinity did not vary with depth even during thermal stratification. This might be attributed to the relatively shallow depth of the basin during summer. The inflow of water from King Abdulla Canal to the reservoir might be responsible for keeping salinity values low and unvaried.
Conductivity values in the reservoir were generally high, with a mean of 1022.5 μS cm -1 and no pattern of periodicity. In the wet season, little increase in conductivity level was observed which might be attributed to the erosion of catchment soil from the Wadi Al-Arab region. Conductivity values did not vary with depth, a condition that indicates a thermocline of short duration. This indicates the homogenicity of the chemical composition of the reservoir water at the two stations. The reservoir's high conductivity values were in agreement with the 841 μS cm -1 value recorded by the Royal Scientific Society (1998) (1999) in Wadi Al-Arab dam reservoir. In contrast with other lakes and reservoirs, conductivity values of Wadi Al-Arab dam reservoir are rather high (Coche 1974 , Hall et al. 1977 , Temponeras et al. 2000 .
Concentration of nitrate-N that can occur in the water of most aquatic ponds is 2.5 to 500 µg l -1 (Boyd 1976a) . The rapid increase of N-nitrate during the wet season might be attributed to the penetration of N-nitrate into the reservoir from the agricultural vicinity. Concentrations of phosphorus in water are quite low; dissolved orthophosphate concentrations are usually not greater than 5 to 20 µg l -1 and seldom exceed 100 µg l -1 even in highly eutrophic waters, whereas the concentration of total phosphorus seldom exceeds 1000 µg l -1 (Boyd 1990) . No explanation was developed for the high levels of P-PO 4 in the reservoir. However, the method of estimation and the specific conditions which prevailed in the reservoir might explain these high levels, posing an interesting question for future investigations.
